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1. DSCOVR EPIC
The Earth Polychromatic Imaging Camera on board Deep Space Climate Observatory (DSCOVR) provides spectral imageries of
the entire sunlit Earth in near backscattering directions every 65 to 110 min [1]. Its observing geometry is characterized by a
nearly constant phase angle (angle between the directions to the Sun and sensor), making the reflectance data free of Sun-sensor
bidirectional effects. Left Panel shows Enhanced RGB image of the sunlit face of the Earth taken at 15:24:58 UTC 23 Aug 2016.
Right panel illustrates Green BRF (551 nm) of an area in Amazonian rain forest (red circle in left panel) derived from Multiangle
Imaging SpectroRadiometer (MISR) data (symbols) and EPIC (green triangles). The shaded area shows the range of phase
angles of the DSCOVR EPIC sensor. Here SZA=28 ±2  local solar time=10:30am±20min.  Reflectance  of the vegetation
reaches its  maximum in the backscattering directions. This is known as the hot spot effect. The hot spot region represents the
most information-rich directions in canopy reflected radiation. The uniqueness of the DSCOVR EPIC observing strategy is its
ability to provide frequent observations of every region of the Earth in near hot spot directions that the existing Low-Earth-
Orbiting and Geostationary satellites do not have.  
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3. EARTH REFLECTOR TYPE INDEX
We developed an Earth Reflector Type Index (ERTI) that reliably discriminate between major Earth components: clouds, cloud-
free ocean, bare and vegetated lands [2,3]. tan(ERTI) of vegetated land is an estimate of the recollision probability. Left panel
shows an EPIC RGB image taken on August 23, 2016 at 15:24:58GMT. Right panel shows distribution of ERTI over the EPIC
image. Its values corresponding to cloud free land, vegetation, ocean and cloud contaminated pixels tend to occupy different
spaces within the 0  to 180 interval.
Version 2 VESDR product provides ERTI at surface level. Left panel shows ERTI derived from available atmospherically
corrected BRF data acquired on August 23, 2016 at 16:30:25GMT. EPIC ERTI discriminates between water, bare and vegetated
lands.
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Diurnal variation of the ERTI and Solar Zenith Angle (SZA) on August 23, 2016. These animations illustrate a weak sensitivity
of ERTI to SZA: SZA exhibits strong diurnal variations whereas the spatial patterns of ERTI are almost unchanged.
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VEGETATION EARTH SYSTEM DATA RECORD
Vegetation Parameter Suite in  Level 2 VESDR Product
Five new parameters have been developed and added in version 2 VESDR product: Earth Reflector Type Index (Block 3) and
Canopy Scattering Coefficient at 443 nm, 551 nm, 680 nm and 779 nm (Block 4). We also copied Aerosol Optical Depth (AOD)
at 443 nm and 551 nm from DSCOVR EPIC level 2 MAIAC Product. The VESDR files also include Solar Zenith Angle (SZA),
Solar Azimuthal Angle (SAA), View Zenith (VZA) and Azimuthal (VAA) angles at the same temporal and spatial resolutions.
The DSCOVR EPIC Science Algorithm Team also provides two ancillary science data products: 10 km Biome Type and
Distribution of Biomes within 10 km EPIC pixel (Block 2). The products were derived from 500m MODIS land cover type 3
product (MCDLCHKM), which was generated from 2008, 2009 and 2010 land cover products (MCD12Q1, v051).
All parameters are projected on 8 regional 10 km SIN grids (Block 2) and written in the standard Hierarchical Data Format 5
(HDF5). Version 2 EPIC VESDR and ancillary data products will be publicly available from the NASA Langley Atmospheric
Science Data Center (https://eosweb.larc.nasa.gov/) in January 2021.
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The version 2 VESDR is being generated from the level 2 DSCOVR EPIC MAIAC product. The upstream MAIAC algorithm
processes top of atmosphere reflectance (left animation) to retrieve aerosols and correct  for atmosphere effects. It outputs
atmospherically corrected surface reflectance (right animation), which is input for the VESDR retrieval technique [4]. The
aerosol optical depth at 443nm and/or 551 nm below 0.6 and 0.3, respectively, indicates a good quality of the surface reflectance
data.
Diurnal variations of (left animation) Normalized Difference Vegetation Index (NDVI) and (right animation) Fraction of
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Photosynthetically Active Radiation (400 – 700nm, FPAR) absorbed by vegetation. Spatial patterns of NDVI are approximately
constant during a day. This parameter depends on amount of green leaves and actually follows spatial patterns of land cover type
(cf. Block 2). There is a strong correlation between NDVI and FPAR, which is clearly seen in the animations.
Diurnal variations of (left animation) Sunlit Leaf Area Index (SLAI) and (right animation) Directional Area Scattering Factor
(DASF). In contrast to NDVI and FPAR these variables exhibit strong variations during a day.
LAI, SLAI and FPAR are key state parameters in most ecosystem productivity models and
carbon/nitrogen cycle. DASF provides information critical to accounting for structural
contributions to measurements of leaf biochemistry from remote sensing.
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2. ANCILLARY SCIENCE DATA PRODUCTS
In version 2 all parameters are projected on 8 regional 10 km SIN grids
Projection has been changed in version 2: all parameters are projected on 8 regional 10 km SIN grids. The Earth is divided into 4
zones which are extracted from 4 rotated SIN 10 km projections with central meridians at 20 , 110 , -160  and -70 . Each zone is
divided into Northern (block number 0) and Southern (block number 1) tiles. Each tile is identified by its zonal Z (from 0 to 3)
and block B (0 or 1) coordinates, e.g., tile30. In this projection major equatorial forests are within one zone: Congo Basin (Z0);
Indo-Malayan Archipelago (Z1) and Amazon basin (Z3). Boreal forests are also well localized: Siberia in Z0 and Canada in Z3.
The EPIC VESDR and associated ancillary data products will be publicly available from the NASA Langley Atmospheric
Science Data Center (http://eosweb.larc.nasa.gov/) in January 2021
Ancillary Science Data Product: 10 km Biome Map
Global vegetation is stratified into eight architectural types, or biomes: grasslands, shrublands, broadleaf croplands, savannas,
evergreen broadleaf forest, deciduous broadleaf forests, evergreen needleleaf forests, deciduous needleleaf forests. This static
biome map was derived from 500m MODIS land cover type 3 product (MCDLCHKM), which was generated from 2008, 2009
and 2010 land cover products (MCD12Q1, v051). It is used by the VESDR operational algorithm.
Ancillary Science Data Product: Biomes within 10 km EPIC Pixel
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Distribution of biomes within 10 km EPIC pixel is defined as
.
Here  ( =0,1,2,…,10) represents biome ID,   is the number of the th land cover type and  is the total number of pixels,
.
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4. CANOPY SCATTERING COEFFICIENT
The canopy scattering coefficient is the fraction of intercepted radiation that has been reflected from, or diffusively transmitted
through, the vegetation [5]. It depends on wavelength and is estimated as W =BRF /DASF. These plots show  the canopy
scattering coefficient at 443 nm, 551nm, 680nm and 780nm at 15:24UTC on August 23, 2016.
The canopy scattering coefficient is weakly sensitive to sun-sensor geometry effects. Unlike canopy reflectance and
transmittance, the CSC quantifies scattering event per unit leaf surface and therefore conveys information about leaf optical
properties, which in turn depend on leaf biochemical constituents. Left panel shows the canopy scattering coefficients  of
Amazonian rainforest as of August 23, 2016. It mimics the shape and magnitude of typical leaf albedo spectra documented in the
literature (left panel).
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ABSTRACT
The NASA's Earth Polychromatic Imaging Camera (EPIC) onboard NOAA's Deep Space Climate Observatory (DSCOVR)
mission was launched on February 11, 2015 to the Sun-Earth Lagrangian L1 point where it began to collect radiance data of
the entire sunlit Earth every 65 to 110 min in June 2015. It provides imageries in near backscattering directions at ten
ultraviolet to near infrared narrow spectral bands. The DSCOVR EPIC science product suite includes vegetation Earth
System Data Record (VESDR) that provides leaf area index (LAI) and diurnal courses of normalized difference vegetation
index (NDVI), sunlit LAI (SLAI), fraction of incident photosynthetically active radiation (FPAR) directional area scattering
function (DASF) as well as recently added Earth Reflector Type Index (ERTI) and Canopy Scattering Coefficient (CSC). The
parameters at 10 km regional sinusoidal grids and 65 to 110 minute temporal frequency generated from the upstream
DSCOVR EPIC BRF product will be available from the NASA Langley Atmospheric Science Data Center in January 2021.
This poster provides an overview of the version 2 EPIC VESDR product.
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